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Preface

Public Comment
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Foreman, Center for Devices and Radiologica Hedth, 9200 Corporate Boulevard, HFZ-450,
Rockville, MD 20850. Comments may not be acted upon by the Agency until the document is
next revised or updated. For questions regarding the use or interpretation of this guidance
contact Christy Foreman at (301) 443-8609 extension 177.

Additional Copies
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prompted for the document shelf number.
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Guidance' for Electrical Safety,
Electromagnetic Compatibility and
Mechanical Testing For Indwelling Blood
Gas Analyzer Premarket Notification
Submissions

Purpose

This guidance document describes a means by which indwelling blood gas andyzers may comply
with the requirement of specid controlsfor class |l devices. Desgnation of this guidance document
asaspecid control means that manufacturers attempting to establish that their device is substantialy
equivalent to a predicate indwelling blood gas analyzer device should demondtrate that the proposed
device complies with ether the specific recommendations of this guidance or some aternate control
that provides equivaent assurances of safety and effectiveness.

This guidance document has been devel oped as a specid control to support a changein
classfication from class |11 to class|l. It identifies relevant materid to include in a premarket
notification. We intend it be used in conjunction with other identified specid controls. All FDA
requirements regarding premarket notification submissions are not repeated in this document.
Please refer to the Federa Register notice published on March 15, 1999 for other applicable
guidance documents and standards.

General Criteriaand Testing

The premarket natification should include testing that demongtrates the performance characterigtics
of the device in the intended environment of use. The type of the device and its intended
environment will determine the type of testing that is necessary. Recommended environmental,
electrica, electromagnetic compatibility, and mechanica test procedures and protocols are
discussed in the following sections.

This document is intended to provide guidance. It represents the Agency’s current thinking on the
above. It does not create or confer any rights for or on any person and does not operate to bind FDA or
the public. An alternative approach may be used if such approach satisfies the requirements of the
applicable statute, regulations, or both.



Submit the following informetion in the premarket notification:

test procedures and protocols

test results

an andyss of the results

explanation of how test procedures smulate the intended environment of use
explanation of how test procedures are comparable to the test procedures outlined
below

If device failure occurs during the testing, show how failure does not affect safety or effectiveness.
However, if the device has been modified in response to such failure, describe these modifications
(induding the identification of and rationde for each modification), and include follow-up testing
results demongtrating that the modification aleviates the problem.

General Test Methods

Edtablish and use generd test methods for verifying that device performance is within specification
when subjected to the environmenta testing procedures described in this document. Provide:

description of the generd test methods
design of the tests used

rationale for the tests used

testing procedures and protocols,
results

andyses of the results

Unless otherwise specified, the test conditions should be asfollows:

Temperature: 15to 35°C

Humidity: 30 to 90 percent
Barometric pressure: 68 to 106 kPa
Linevoltage: 110V rmsto 125V rms

For modular devices, test in more than one typica module configuration with the other modules
operating.

Visual and Audible Status I ndicators (Alarms)

Test methods for visud and audible indicators (alarms) should conform to either

ASTM: F1463-93(1999) Standard Specification for Alarm Signalsin Medical
Equipment Used in Anesthesia and Respiratory Care



Or
Anesthesa and Respiratory Care Alarm Signds, Part 1. Visud Alarm Signds SO
9703-1:1992 and
Anesthesa and Respiratory Care Alarm Signals, Part 2: Auditory Alarm Signds1SO
9703-2:1994

Electrical Safety

Electrical Power Indicators

Power visud gtatus indicators should be provided to indicate that the device is energized. Such
indicators should be located conspicuoudy on the device.

Electrical Power I ndicators Test Methods
Determine by inspection that visua status indicators indicate when the device is energized.

Overcurrent Protection

Overcurrent protection should be provided for al line-powered devices.

An audible warning satus indicator should be activated if the overcurrent protection mechanismis
activated and operation of the device cannot be operated. This statusindicator (dlarm) should be
capable of sounding for at least 15 minutes.

Medica devices should not be fitted with protective mechanisms which may cause disconnection of

the device from the power line (supply mains) by producing a short-circuit which results in operation
of an overcurrent protection mechanism.

Overcurrent Protection Test Methods

For ac line-powered devices.
Determine by ingpection the presence of overcurrent protection.

Activate the overcurrent protection mechanism. Record the time a which the
audible warning status indicator activates and the time at which it ceases to sound.
Fallure of the darm to activate or to sound for at least the time duration identified in
the device specifications should conditute failure of thistest.



Operate from a power distribution strip that incorporates a dow-blow fuse or a
circuit breaker appropriately rated for the device under test. Activate the device
overcurrent protection mechanism. Activation of the power digtribution strip fuse or
circuit bresker should condtitute failure of thistedt.

Monitors should not be fitted with protective devices that may cause disconnection
of the monitor from the power line (supply mains) by producing a short-circuit that
results in the operation of an overcurrent protection device.

Dielectric Strength

Power source conductors, patient contact circuits, and transducer circuits should be adequately
insulated to assure protection of the patient and device from over voltages.

Dielectric Strength Test Methods
Test for didectric strength in accordance with |EC 60601-1, Clause 20 (1988).

AC Power Grounding and Polarity

If the device power connector is not polarized, the device should operate within its specification in
both polarities of power line connector insertion.

AC Power Grounding and Polarity Test Methods

For ac line-powered devices.
Determine by ingpection the presence of overcurrent protection.

Activate the overcurrent protection mechanism. Record the time a which the
audible warning status indicator activates and the time at which it ceases to sound.
Failure of the darm to activate or to sound for &t least the time duration identified in
the device specifications should condtitute failure of thistest.

Operate from a power distribution strip that incorporates a dow-blow fuse or a
circuit breaker appropriately rated for the device under test. Activate the device
overcurrent protection mechanism. Activation of the power digtribution strip fuse or
circuit bresker should condtitute failure of thistest.

Monitors should not be fitted with protective devices that may cause disconnection
of the monitor from the power line (supply mains) by producing a short-circuit that



results in the operation of an overcurrent protection device.
If the ac power connector is not polarized, reverse the polarity of the ac connection and repest dl
tests.

Leakage Current

Provide the leakage current testing procedures and protocols, test results including leskage current
measurements and identification of standards applied in testing in the premarket notification.

Leakage Current Test Methods

Test the device in accordance with |EC 60601-1 for Type BF equipment or in accordance with
other gpplicable standards with leakage current specifications.

Auxiliary Output
Where an auxiliary output is provided:

The device should operate within its specification during and after application of a
short-circuit gpplied to the auxiliary output for 1 minute.

The leakage current recommendations described in this document should not be
exceeded upon proper connection of an auxiliary device to the auxiliary output.
Describe proper connection in the operator's manual.

Auxiliary Output Test Methods

If the device is provided with an auxiliary output:

This output should be short-circuited (dl pins connected together) for at least 1
minute, with the device in the standard operating mode. During and after
goplication of the short-circuit, the device should operate within its specification.

With the auxiliary output connected as specified by the manufacturer, test as
described under Leakage Current Test Methods



Electromagnetic Compatibility

Electromagnetic compatibility is described in |[EC 60601-1-2 (1993) with the replacement and
additiona requirements contained Subclauses 6.8.201(a) (except for the reference to 36.201.1.3),
(b) and (c). Address eectromagnetic competibility in the premarket notification by describing and
testing the performance characterigtics under al applicable circumstances when operating from
grounded and ungrounded ac power sources (i.e., with the third-wire ground connected and with it
disconnected at the plug end of the power cord).

Devices should be tested for eectromagnetic emissons and immunity to eectromagnetic
interference as described herein. Devices should be tested with the third wire ground connected at
the plug end of the power cord. Devicesintended for home use should be tested with the third wire
ground connected and with it disconnected at the plug end of the power cord.

Electromagnetic Energy Emissions

The device should operate within its specification without emitting € ectromagnetic energy in excess
of the levels specified below. The emisson limit should be that specified by the referenced
document, adjusted downward by the rms sum of al errorsin the measurement of that quantity.

Electromagnetic Energy Emissions Test Methods

Emissons measurements should be made as specified in the referenced document. The required
emission limit should be that specified by the referenced document, adjusted downward by the rms
sum of dl errorsin the measurement of that quantity. Emission in excess of the adjusted limit should
conditute failure of thistest. These tests should be conducted using passive patient Smulators,
which in generd are not cgpable of amulating normd patient sgndls.

Radiated and Conducted Electromagnetic Energy

Demondirate the performance characteristics of the device relétive to the requirements of CISPR 11
when tested as recommended in this guidance document. Provide thisinformation in the premarket
notification.

Radiated and Conducted Electromagnetic Energy Test Methods

The device should be tested according to CISPR 11.



Magnetic Fields

Demondtrate the performance characteristics of the device relative to RE101 (Army, 7-cm distance)
of MIL-STD-461D from 30 Hz to 100 kHz when tested at the 7-cm distance according to RE101
of MIL-STD-462D.

Magnetic Fields Test Methods

The device should be tested for radiated magnetic field emissions between 30 Hz and 100 kHz as
gpecified in RE101 of MIL-STD-462D, using the Army 7-cm limit. Measure at the 7-cm distance
only.

I mmunity and Electromagnetic I nterference

The device should operate within its specification during and after exposure to €ectromagnetic
interference at the levels specified below. The immunity level should be the level stated, adjusted
upward by the rms sum of al errorsin the measurement of that quantity, with the exception of the
lower steady-date ac voltage limit and the line-voltage sag leve, which should be adjusted
downward by the rms sum of the measurement errors. The device should not, as aresult of the
Specified test condition: indicate an equipment alarm, exhibit temporary degradation or loss of
function or performance which requires operator intervention or system reset, or exhibit loss or
corruption of stored data.

Immunity of the device to eectromagnetic interference should be determined as specified in the
referenced document, with the modifications lised below. The immunity level should be the leve
dated, adjusted upward by the rms sum of dl errors in the measurement of that quantity, with the
exception of the lower Steady-date ac voltage limit and the line-voltage sag level, which should be
adjusted downward by the rms sum of the measurement errors. Any of the following should
condtitute failure of thistest: an equipment darm, temporary degradation or loss of function or
performance which requires operator intervention or system reset, or loss or corruption of stored
data. Patient smulators should be used to provide smulated norma stimulus to sensors during
eectromagnetic immunity testing.



Electrostatic Discharge

The device should operate within its specification within 5 seconds of air discharges of 2, 4, and 8
kV, both positive and negative, applied to insulating surfaces and contact discharges of 2, 4, and 6
kV, both positive and negative, gpplied to conductive surfaces, both postive and negative, to
include any point on the device accessble to the operator or patient, without the use of atool, when
tested according to IEC 61000-4-2, as specified in section 4.2. The device should operate within
its specification within 5 seconds of contact discharges gpplied to horizontal and vertical conducting
planesin the vicinity of the device.

Electrostatic Discharge Test Methods

The device should be tested with air discharges a 2, 4, and 8 kV, both positive and negetive,
gpplied to insulating surfaces and contact discharges a 2, 4, and 6 kV, both positive and negétive,
gpplied to conductive surfaces. Failure to resume norma operation (with no operator intervention)
within 5 seconds of a discharge should condtitute failure of thistest. All test failure conditions listed
above apply. The device should be tested according to IEC 61000-4-2, with the following
conditions and modifications:

The device should be tested according to the test method described in IEC 61000-4-2
for table-top equipment

The rdative humidity should not exceed 50 percent during air discharges.

Air discharges should be conducted &t 2, 4, and 8 kV. Contact discharges should be
conducted at 2, 4, and 6 kV. Discharges of both positive and negative polarity should
be conducted at each voltage. At least 10 single discharges at each voltage and
polarity should be applied to each test point

In addition to air and contact discharges directly to the device, contact discharges
should be made to the horizontal coupling plane under the device and to the vertica
coupling plane positioned pardld to the faces of the device. At leest 10 Sngle
discharges at each test voltage and polarity should be applied to each test point

Monitors that are internally powered IEC CLASSI|I or circuitry isolated from earth ground may be
tested in away that ensures that there is no appreciable charge retention between individua test
discharges. The dectricd potentia of the monitor may be equalized with that of the ground plane,
between individua test discharges, by temporarily attaching a ground stragp incorporating two 470
kilowatt resstors connected in series. This potentid equdization connected should be disconnected



and moved a least 1 meter away from the monitor during the gpplication of individua test
discharges.

Radiated Electromagnetic Fields

The device should operate within its specification during and after exposure to eectromagnetic fidds
at frequencies between 80MHz and 2.5GHz at fidd (strengths up to 3 V/m (when unmodulated),
amplitude modulated 80 percent with a2 Hz sine wave or 100 percent with asquare wave. A
modulation frequency that is within each sgnificant signd-processing passband of the device should
used. For devices not having a defined passband, a modulation frequency of 0.5 Hz should be
used. Specify the modulation frequency in the premarket notification.

Radiated Electromagnetic Fields Test Methods

Test conditions

The device should be tested for immunity to radiated e ectromagnetic energy over the
frequency range 80 MHz to 2.5 GHz at afidd strength of 3 V/m. The RF carrier should be
amplitude modulated 80 percent by a sine wave or 100 percent with asquare wave. A
modulation frequency that is within each sgnificant Sgna-processng passhand of the device
should be used. For devices not having a defined passband, a modulation frequency of 0.5
Hz should be used. The modulation frequency should be specified in the premarket
notification.

If a continuous sweep of the test frequency is used, the sweep rate should not exceed 0.1
MHz/second. If the sweep isincrementd, the step Size should not exceed 1 MHz and the
dwell time at each frequency should be 10 seconds.

Patient smulators used during the test should be either smple passive devices, isolated from
earth ground using fiber optics or battery operated and shielded.

Connections not normally used during device operation that are made to the device to assess
performance during the test should be isolated using fiber optics.

The radiated dectric field should be linearly polarized. The test should be performed with
both horizontd and verticd polarization.

A planar area of uniform field should be established that contains the front surface of dl
components of the device under test, including cables. The boundaries of the area of uniform
field should include the maximum planar area occupied in any orientation of the parts of the
device. The E-fidd should be measured at multiple points within the area of uniform field,



with al accessories and physical components of the device removed from the fied.

Within the area of uniform field, the uniformity of the component of the eectric field thet is
aigned with the intended E-field polarization should be -0, +6 dB, measured with no
amplitude modulation present on the exposure fidd. At a minimum, point messurements
should be performed at every incrementd frequency in the 26 to 1000 MHz frequency range.
E-fidld measurements should be made a uniformly spaced points throughout the entire surface
of the area of uniform field for both horizontal and vertica polarization. The spacing between
these points in both the vertica and horizonta directions should be 0.5 m or less. At each
point, the component of the E-field that is digned with the intended polarization should not
differ from the total E-field & that point by more than 3 dB.

For agiven fadility, if placement of absorber, antennas, and area of uniform field are carefully
reproduced, it should be necessary to map the area of uniform field only occasondly, e.g.
once per year. Prior to aseries of tests, the area of uniform field should be checked along a
verticad line near the center, with measurements made at uniformly spaced points having a
spacing of 0.5 mor less.

RF dectric fidd instruments and measurement procedures should meet the requirements of
ANSI/IEEE C95.3 - 1991. Theinstruments should not perturb the E-fields being measured
by more than 2 dB and should measure loca E-fidd strength with an error of lessthan £3 dB
over the frequency range of use. The fidd-senang dements of the instrument should fit within
agphericd volume with adiameter of 15 cm. The instrument should be capable of measuring
the magnitude of each of the three orthogona components of the dectric field. In addition, the
instrument should be capable of determining the tota eectric fied strength (the square root of
the sum of the squares of the three E-field vector components). The above measurements
should be measured accurately (1 dB) regardiess of the direction of the radiated ectric field
(i.e, the field measuring instrument should be isotropic).

When practica, the test should be repested with each of the six faces of the device facing the
antenna. To the extent possible, dl cables should be horizontd over the mgority of their
length throughout the te.

One or more of the following exposure methods should be used: (1) an open-areatest Site,
with the Sgnd and power leads fully extended horizontaly; (2) an anechoic chamber; (3) a
parale-plate line; (4) a screen room; (5) a semi-anechoic chamber; or (6) a Transverse
Electromagnetic (TEM) cdll. In order to cover the entire frequency range, combinations of
severd exposure methods may be used over the portions of the range for which they are most
gopropriate. Where the methods yield different results, the open-site test should take
precedence from 26 to 200 MHz and the anechoic chamber test should take precedence
from 200 MHz to 1 GHz.

Test setup
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When practicd, al device components and cables should be elevated at least 0.8 m above
any conducting ground plane by low didectric constant (<2.5), nonconducting RF-transparent
materid. When thisis not possible, device components should be mounted on a bulk non-
conducting support at least 0.1 m high. All device components should be at least 0.8 m away
from any RF-reflecting objects (e.g., wals of the exposure facility). The distance may need to
be increased a certain frequencies to achieve field uniformity.

For exposure methods in which the device cables cannot be extended fully, if the length of any
conducting cableis 1 mor less, it should be arranged horizontaly in the planar area of uniform
fidd. If thelength of any conducting cableis greater than 1 min length, up to the fird three
meters should be bundled in a serpentine configuration in the planar area of uniform.
Conductive leads should be configured on a clean, dry, plastic foam (e.g., Styrofoama ) sheet
with the dimensions and congtruction. Support pegs should be made of didectric (eg.,
Teflona ) rods (one-quarter inch in diameter). Cablesin excess of 3 m should be bundled
low-inductively and placed on the non-conducting support.

RF/EMI filters should be used at the device's ac power plug.

All cables should be arranged so that they are horizontal over the mgority of their length throughout
thetest. Device cables 1 meter or lessin length should be arranged horizontaly in the planar area
of uniform field. For cables gregter than 1 meter and less than or equd to 3 metersin length, the
cable should be bundled in a serpentine configuration in the planar areaof uniform field. For device
cables grater than 3 metersin length, the first 3 meters should be bundled in a serpentine
configuration in the planar areaof uniform fidd and the remainder should be bundled low-inductively
an placed on the non-conductive support.

Petient smulators used during the test should be either smple passive devices isolated from ground
using fiber optic links, or battery operated and shidded. |If the frequency step dwell method is used,
the frequency step size should not exceed 1 percent of the fundamental and the dwell time should
not be sufficient to alow the device to respond to the test. The dwell time should be based on the
modality with the dowest response time and should be at least 3 seconds.

For moddities that average data over time, the minimum dwell should be either 1.2 times the
averaging period or 3 seconds, which ever is greater. If the averaging period is adjustable the
averaging period used to determine dwell time should be the monitor’ s default averaging period, the
period. If thereisno default averaging period, the period used should be that which is expected to
be used most often in clinical applications of the device.

1



If the continuous frequency sweep method is used, the rate of sweep should not exceed (4.5/X) x
10000 decades per second. Connections not normally used during the operation on the device that
are made to the device to access performance during the test should be isolated using fiber optic
links.

AC Voltage Fluctuations, Transients, and Surges

The following items apply to dl devicesthat operate from the ac power line:

Steady-date voltage

The device should operate within its specification, without changing a voltage sdection switch,
when powered from line voltages between 95 and 132 voltsrms.

For monitors that operate directly from an ac power lines, demongrate the performance
characteristics during and after power line dipsto:

lessthan 1 % of nomina voltage for 0.5 cycle

40 % of nomind line voltage for 5 cydes

70% of nomind line voltage for 25 cycles of the power frequency
when tested according to IEC 61000-4-11.
For monitors that operate directly from an ac power line demondtrate the performance
characterigtics during and after power line dipsto lessthan 1 % of nomind line voltage for 15

seconds according to IEC 61000-4-11. Test voltages should be step changes and start at a
Zero crossing.

Dropout

The device should operate within its specification during and after line voltage dropouts for
durations of 10 milliseconds and less.

Slow sags and surges

The device should operate within its specification during and after line voltage surgesto 150 V
rms and sagsto 90 V rmsfor durations of 500 ms and less.



Fast transient bursts

The device should operate within its specification during and after bursts of trangents of 0.5,

1, and 2 kV, positive and negative, applied to ac power leads and transents of 0.25, 0.5, and
1 kV, both postive and negative coupled by way of a capacitive clamp to sgnd and
interconnecting leads, that are pecified to be 3 meters or more in length when tested
according to |EC 61000-4-4, with the exception that the burst repetition frequency should not
exceed 30 per minute,

The pulse repetition rate should be 5 kHz. Patient cables should not be tested directly, but
should be attached to the monitor during the testing of al other cables power lines.
Application of test to power lines should only be made smultaneoudy with respect to the
ground reference plane.

Demondtrate the performance characterigtics of the monitor during and after application of
aurges of 0.5, 1, and 2 kilovolts, both positive and negative, between ac power ling(s) and
ground, and application of 0.5 and 1 kilovolt, both positive and negetive, between ac power
ling(s) (line-to-line), when tested according to IEC 61000-4-5. All other monitor cables
should not be tested directly. Describe the response of the monitor to each individud surge.

While only power lines are tested, al monitor cables should be attached during the test. Five
surges at each voltage level and polarity should be applied to each power line a each of the
following: positive and negative zero crossing and positive and negative pesk of the ac voltage
waveform.

While only power lines are being tested, dl device cables should be attached during the test.
Five surges at each voltage level and polarity should be applied to each power line at each of
the following:

the positive and negative zero crossng
the positive and negative peek of the ac voltage wave worm

AC Voltage Fluctuations, Transients, and Surges Test Methods

The tests described below should be performed on al devices that operate from the ac power line.

Steady-date voltage

Raise the line voltage to 132 volts rms and dlow the device to stabilize. Test device
operation according to sections (k) and (I). Repest for avoltage of 95 volts rms.
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Dropout

Operate the device at 95 volts rms, lower the line voltage to 0 volts for 10 milliseconds, and
then retore it to 95 volts rms, doing so 10 times a arate not to exceed 30 per minute.

Slow sags and surges

Operate the device at 120 voltsrms. Raise the line voltage to 150 volts rms for 500 ms.
Repesat at 10-second intervasfor atotd of 10 times. Agan operate the device at 120 volts
rms. Lower the line voltage to 90 volts rms for 500 ms. Repeat at 10-second intervals for
atotal of 10 times.

Fast trandent bursts

Test ac power leads and signal leads according to IEC 61000-4-4 for type test of table-top
equipment, with the exception that the burst repetition frequency should not exceed 30 per
minute. Test supply leadsat 0.5, 1, and 2 kV, and signd leads a 0.25, 0.5, and 1 kV.

Fast surges
Test generator

The vaues of dements Ry, Ry, Ry, Ly, and C, are such that the generator
delivers a a sngle output a combination voltage/current wave characterized by
a 1.2/50 us voltage surge when measured across a high-resistance load (more
than 100 ohms) and a 8/20 s current surge when measured into a short-circuit,
i.e. the generator has an effective output impedance of 2 ohms.

The generator should be capable of producing an open circuit output voltage of
up to 2 kV, both positive and negative polarity, with wave. The generator
should be capable of ddlivering short-circuit output current of at least 1 kKA.

The generator should be triggerable so that the phase angle of the discharge can
be set at 0, 90, 180, and 270 degrees with respect to the ac line voltage.

14



Test setup

Capacitive coupling should be used to apply the combination wave to the ac
power leads of the device under test.

A decoupling network should be used to isolate the device under test from the
ac power network. Residud test pulse voltage on unsurged leads should not
exceed 15 percent of the maximum gpplied test voltage when the device is
disconnected. Residud test pulse voltage on the inputs of the decoupling
network when the device and the power supply network are disconnected
should not exceed 10 percent of the applied test voltage or twice the peak vaue
of the power line voltage, whichever is gregter.

Surges should be gpplied at the point where the device would normaly be
connected to ac line power.

For the line-to-line test, an 18 uF coupling capacitor should be used.

For the line-to-ground tests, a 10 ohm resistor should be used in series with the
test generator and a 9 uF coupling capacitor should be used.

Test procedure

The line-to-line test should be performed using 1 kV surges of both positive and
negative polarity applied using a generator source impedance of 2 ohms and
coupling capacitance of 18 uF with the generator output floating.

The line-to-ground test should be performed using 2 kV surges of both postive
and negative polarity applied usng a generator source impedance of 12 ohms
and coupling capacitance of 9 uF with the generator output grounded. The test
should be repeated with surges applied successively between each line and
ground.

Surges at each amplitude and polarity should be gpplied at phase angles of O,
90, 180, and 270 degrees with respect to the ac line.

Each test should be repeated 10 times at arate of 1 surge per minute.
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Conducted Electromagnetic Energy

The device should operate within its specification during and after exposure of each interconnecting
cable, including power cables, to conducted € ectromagnetic energy at frequencies between 10 kHz
and 100 MHz at the levels specified in CS114, Curve #3, of MIL-STD-461D, when tested
according to CS114 of MIL-STD-462D. A modulation frequency that is within each significant
sgnal-processing passhand of the device should be used. For devices not having a defined
passband, a modulation frequency of 0.5 Hz should be used. The modulation frequency should be
specified in the premarket notification.

Test the monitor should during and after exposure to conducted el ectromagnetic energy at 3 volts
rms (measured before modulation is applied), modulated 80 percent with a2 Hz sne wave over the
frequency range beginning at the start frequency specified below and extending to 80 MHz when
tested according to IEC 61000-4-6.

Conducted Electromagnetic Energy Test Methods

The device should be tested for immunity to conducted e ectromagnetic energy on each power and
sgnd lead a frequencies between 10 kHz and 100 MHz at the levels specified in curve #3 of
CS114 of MIL-STD-461D, using the test methods specified in CS114 of MIL-STD-462D, with
the modifications and additions listed below.
If continuous sweep of the test frequency is used, the sweep rate should not exceed 1
x 10" decades/second. If the sweep is incremental, the step size should not exceed 1
percent of decade, and the minimum dwell time is 10 seconds per step.

A modulation frequency that is within each sgnificant sgna-processing passband of the
device should be used. For devices not having a defined passband, a modulation
frequency of 0.5 Hz should be used.

The leads under test should be elevated 5 cm above the ground plane.

For power cables, the interference signa should be injected at a distance of 5 cm from
the point a which ac line power enters the device.

Test conditions as described in subclause 36.202.5:

Sine wave amplitude modulation at 80 percent depth and a frequency of 2 Hz should
be used.

For power input lines and the equipotentia ground connection, if provided, the Sart
frequency should be 150 kHz.
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For every cable that can be connected to the monitor, other than power lines, the sart
frequency should be determined from the guidance given in IEC 61000-4-6, Annex B,
Figure B.1, based upon the longest alowed cable length specified by the manufacturer.
If the longest cable length is not specified, the sart frequency should be 150 kHz.

Equipotential ground connections should be tested using an M1 coupling/decoupling
network (CDN) as specified in IEC 61000-4-6, Annex D, Figure D.2.

Patient cables should be tested using a current clamp. The patient end of the coupled
cables that provide a conductive connection to the patient should be terminated so that
the impedance between the monitor and the ground reference plane is between 105
and 190 ohms over the frequency range 150 kHz and 80 MHz. No intentional
decoupling device should be used between the injection point and the patient coupling
point. Anartificid hand is specified in CISPR 14 should be gpplied to the patient end
of the patient coupled cables. If required for proper operation of the monitor, an
insulating materid with athickness of 5 millimeters or less may be gpplied between the
metd fail of the artificid hand and the patient coupling point.

If the frequency step and dwell method is used, the frequency step size should not
exceed 1 percent of the fundamenta and the minimum dwell time should be sufficient to
alow the monitor to respond to the test signd. The dwell time should be based on the
modality with the dowest response time and should be &t least 3 seconds. For
modalities that average data overtime, the dwell time should be either 1.2 times the
averaging period or 3 seconds, whichever isgrester. If the averaging period is
adjustable, the averaging period used to determine dwell time should be the monitor’s
default averaging period. If thereisno default averaging period, the period used
should be that which is expected to be used most often in clinica gpplications of the
monitor.

If the continuous frequency sweep method is used, the rate of the sweep should not
exceed (4.5/X) x 10000 decades per second, where X isthe dwell time in seconds,
determined as specified in the section above.

Cdlibration of current injection clamps should be performed in a 150 ohm system

Magnetic Fields
A modulation frequency that is within each sgnificant signa-processing passband of the device

should be used. For devices not having a defined passband, a modulation frequency of 0.5 Hz
should be used. The modulation frequency should be specified in the premarket naotification.

Demondtrate the performance characterigtics of the monitor during and after exposure to 60 Hz
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continuous wave magnetic fields at 3 amperes per meter when tested according to IEC 61000-4-8,
with the exception that a maximum display jitter of 0.6 millimetersis dlowed for cathode ray tube

displays.

Monitors that recharge batteries or operate from an ac power line should be powered at aline
frequency of 60 Hz during the test.

Magnetic Fields Test Methods

Demondtrate the performance characterigtics of the monitor during and after exposure to 60 Hz
continuous wave magnetic fields at 3 amperes per meter when tested according to |EC 61000-4-8,
with the exception that a maximum display jitter of 0.6 millimetersis dlowed for cathode ray tube

displays.

Quasi-static Electric Fields

Demondrate that the device operates within its specification during and after exposureto a
snusoiddly varying dectric field at 0.5 Hz with pesk field strengths up to 2000 volts per meter.
Note: Thistest smulates the movement of eectrogtaticaly charged fabrics and objects that could
come into close proximity to the device.

Quasi-static Electric Fields Test Methods

Test setup

The device should be tested between pardld horizonta planes. They should be metalic
sheets (copper or duminum) of 0.25 mm minimum thickness which extend at least 0.1 m
beyond the device. The horizonta planes should be separated by insulating materid, with a
separation at least three times the height of the device in the position of normal use.

The device should be supported by insulating materia so that it is postioned entirely between
1/3 and 2/3 the distance between the horizonta planes.

Cables and tubing should be supported by insulating materid at a height above the bottom
horizontal plane of 1/3 the distance between the planes and should exit the test gpparatus and
continue & this height for a least 0.1 meter beyond the horizontd planes.

The output of asigna generator cgpable of producing asinusoiddly varying voltage a a

frequency of 0.5 Hz with amplitude sufficient to produce peek dectric fidd strengths up to
2000 V/m between the horizontal planes should be connected to the horizonta planes.
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Note: E, =V,/D, where E, isthe pesk field strength in V/m, V,, is the pesk of the signdl
generaor output voltage waveform, and D is the distance between the horizonta planesin
meters.

Test procedure

Adjust the Signa generator peak output voltage such that the device is exposed to a
snusoidaly varying dectric field at 0.5 Hz with pesk fidd strength of 500 V/m. Gradudly
increase the pesk field strength to 2000 V/m.

Voltage Dips

Voltage dips are defined as short interruptions and voltage variations on power supply input lines.

Voltage Dips Test Methods

For devices that recharge batteries from the ac power line and devices that operate from the ac
power line, demongtrate the performance characteristics during and after power line dipsto lessthat
1 percent of nomind line voltage for 0.5 cycle, to 40 percent of nomind line voltage for 5 cycles,
and to 70 percent of nomind line voltage for 25 cycles of the power frequency, when tested
according to IEC 61000-4-11.

For monitors that recharge batteries from an ac power line and devices that operate directly from an
ac power line, demongrate the performance characteristics within 5 seconds after a power line dip
to lessthan 1 percent of nomina line voltage for 15 seconds, when tested according to IEC 61000
4-1.

Test voltages changes should be step changes and tart at a zero crossing.

For devices that recharge batteries from the ac power line and devices that operate from the ac
power line demonstrate performance characteritics, without changing a voltage selection switch
when powered from line voltage between 95 and 132 voltsrms.

Environmental and Mechanical Safety

Controls Protection

The controls of medica devices should be protected from inadvertent or unauthorized changes or
adjustment. The means of protection should be such asto preclude their defeat by patients, or
other unauthorized persons.

All controls which increase or decrease a function should be marked with alegible indication to
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inform the operator which action(s) is (are) required to increase/decrease the controlled function.
Controls and their associated markings should be visible or legible, or both, to an operator having a
visud acuity of at least 1.0 when the operator islocated & least 1 meter in front of the device and
the ambient illuminance leve is 215 lux, when viewing the information, marking, etc. perpendicular
to, and including 15 degrees above, beow, left and right. Controls should be identified with thelr
associated markings.

For controls, movement upward, to the right, or in a clockwise direction should increase the control

function. Movement downward, to the left, or a counterclockwise direction should decrease the
control function. Rotary gas flow controls are exempt from this performance criterion.

Controls Protection Test Methods

Test by ingpection.

Connector Protective | ncompatibility

Device connectors, including those on wires and tubing, should be designed such that insertion into a
receptacle other than the one into which they are intended to be inserted or into a receptacle using
an improper orientation should not be possible.

Electrical connectors of adevice (e.g., eectrica lead wires) should include a mechanism to prevent
connection of the patient to a power source that may cause a current flow in excess of that specified

in paragraph (h)(6).

Electrode lead wires and patient cables for use with amedical device must comply with 21 CFR
8898.12, Parformance Standard for Electrode Lead Wires and Patient Cables.

Connector Protective Incompatibility Test Methods

Test by ingpection and by attempting the prohibited connections.

Mechanical Safety

Each device should:

not have any exposed sharp edges
be mechanicdly stable in the intended position(s) of use
provide protection to the operator and patient from moving parts



Mechanical Safety Test Methods

Test by inspection.

Mechanical Vibration and Shock Resistance

The device (i.e., the complete system suitable for its intended use) should withstand the mechanica
shocks and vibrations expected in the environments of intended use as defined by the test methods
contained herein, and should remain operationd within its specification. Demondrate the
performance characterigtics of the monitor following mechanica shock and vibration when tested
according to IEC 60068-2-32 free fal procedure.

Mechanical Vibration and Shock Resistance Test Methods

Test the device (i.e, the complete system suitable for its intended use) to the following severity
levels as specified in the following procedures. After each of these tests, visudly ingpect the device.
Any evidence of damage or inability to perform within specification condtitutes failure of the test.

|EC 68-2-27: Shock
Peak acceleration: 100 g (980 m/s?)
Duration: 6 msec
Pulse shgpe: hdf sne

|EC 60068-2-32 Shock Test (Free Fall)
Height: 0:5m
Duration at attitude; 2 fdls on each face

|EC 60068-2-64 Broad Band Random Vibration Test
Frequency range 10 to 150 Hz,
Acceleration spectral density: 1(meter per second suared) squared per hertz (gf/Hz)
from 10 to 12 Hz, decreasing a arate of 3 decibels per octave from 12 to 150 Hz.
Duration: 30 minutes on each orthogond axis

|EC 60068-2-6 Sinusoida Vibration
Frequency range: 10 to 500 Hz
Accderation amplitude: 1 g (9.8 MVsY)
Type and duration of endurance: 10 sweep cyclesin each axis.

|[EC 68-2-34 Random Vibration, Wide Band
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Frequency range: 20 Hz - 500 Hz
Accdleration spectral density: 0.02 ¢f/Hz
Degree of reproducibility: low

Duration of conditioning: 9 minutes

Fluid Spill Resistance

The device should be so congructed that it continues to operate within its specification after fluids
have been dripped on the device. Please refer to the requirements for drip-proof equipment as
gpecified in Clause 44.6 of IEC 60601-1 and IEC 60529.

Fluid Spill Resistance Test Methods

Test the device as specified in Clause 44.6 of IEC 60601-1 according to the test method in IEC
60529 for drip-proof equipment. Following each of these tests, the device should be visudly
ingoected. Any evidence of damage or inability to perform within specification condtitutes failure of
the test.

Temperature and Humidity

The device should operate within its specification when operating in the environmenta temperature
range of 5°C to 40°C, and in the environmenta humidity range of 15 percent to 95 percent,
noncondensing.

The device should not be damaged and should remain operationa within its specification after
gorage in the environmenta temperature range of minus 40°C to 70°C and at relative humidity up
to 95 percent, non-condensing.



Temperature and Humidity Test Methods

Test the device as specified in Method Numbers 501.3, 502.3, and 507.3 of MIL-STD-810E.
Failure of the device to perform within its specification condtitutes falure of these tests.

Surface Temperature

Temperature of surfaces of a device an operator can contact during operation should not exceed
50°C in an ambient temperature of 35°C. The temperature of surfacesthat may come in contact
with the patient should not exceed 41°C in an ambient temperature of 35°C. Any surface that may
come in contact with the patient exceeding 41°C, should be judtified with a scientificdly vaid
explanation and data should be provided demonstrating that patient safety is not compromised.

Surface Temperature Test Methods

Operate the device in an ambient temperature of 35°C. Measure the temperature of the device
surfaces which are not intended to contact the patient. The presence of any temperature greater
than 50°C should condtitute failure of thistest. Measure the temperature of device surfaces which
are likely to contact the patient in norma use. Any temperature above 41°C should condtitute
falure of thistedt.

Toxic Materials

No toxic material from a device should come in contact with patient or operator during norma use.

Toxic Materials Test Methods

Determine by ingpection that listed and any other known toxic materids used in the device are
packaged in amanner that prevents patient and operator contact.

Strangulation

Provision should be made in routing, retention devices, or other means to minimize the risk of
grangulation of the patient by wires or tubing. This may aso be accomplished by providing
ingructions for routing of patient wires and tubing in the device labding.

Strangulation Test Methods

Test by ingpection.



